H-DAOZ » KOT 5 Elta Launch Capabillity of the H-IIA Launch Vehicle 


qj =tI5_LElSsEW Launch capabillity [kg] 
48(04mI7 zr 7 UY Fairing) SSE iy pe ar os ie) 
Hie tiAacs SE 


Standard GTO 
Apogee altitude: 36,226 km 
Perigee altitude: 250 km 4,000 5.250 
Inclination: 28.5 degrees 
aS IE (Likes AV=1,830m/s AV to GSO: 1,830 m/s 
OYIIA—AKABIEKDYAD? Sie * Long-Coast GTO 
lth Se 36,226 km Apogee altitude: 36,226 km 
itt -SEe,700 km Perigee altitude: 2,700 km 2,970 4,820 
SEM ACOR Inclination: 20 degrees 
af (bis AV=1,500m/s AV to GSO: 1,500 m/s 


Aaa RAse SSO 
j=800 km Altitude: 800 km 3,300 

16,500 
10,000 HT Vie 
Orbit for HTV 


iE bNAIS.6E Inclination: 98.6 degrees 
xX O-RKV VY I4V SS 100kscike Setting a mass of payload adaptor at about 100kg 





Real hKOVAD 3 gue 
alt isi 36,226 km 
Witt Area250 km 


(LE LEO 
jm zS300km Altitude: 300 km 
AHEM AS0.4E Inclination: 30.4 degrees 


* SE ibttt Upgraded H-IIA 
20152710H318R as of 31 October, 2015 
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5B 1 ER aAOTy KI-AZA— 
First Stage SRB-A 

F&F [m] 

4% [m] 

&= [ton] 114 151 20 

Mass (2 units) 

iE SS = [ton] 130 17 

(2 units) 


Major Specificantions of the H-IIA Launch Vehicle 


BBORR 
Second Stage 





mse JL UYT (4S!) 
Payload Fairing (4S) 


Propellant Mass 

BRA HETI 
FET [kN] : 9,040 rae Thrust 
Thrust (2 units) 


VAGigial [s] 


Burning Time 100 


MUPFIVIVYSR TBUATRSR /TRUATK FA 
TUM y KBMAHEES 

Polybutadiene Lox/LHe 
Composite Solid 

Propellant 


HESS EIA UAB SR / BUBIKFR 


Propellant Lox/LHe 


Specific Impulse 
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BLU UY HAYIVA 
Attitude Control Gimballed Engine Gimballed Nozzle Gimballed Engine 
Method System System System 

Auxiliary Engine Gas jet System 


ae hl El Aieas 
TU X—Diwste 


arse rill (Elta 

L—F hIBVARYYS 

TFLUXA—FixleHE 

87 Oe eS 

Avionic Control Systems, Guidance Navigation, 
Telemetry and Control Systems, 
Transmitter Radar transponder, 

Telemetry 

Transmitter, 

Command Destruct 

Receiver 
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JAXA Website (English) 
http://global.jaxa.jp/ 
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Explore to Realize 
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H-TAOZ yf 
H-IIA Launch Vehicle 





H-II A Launch Vehicle No.17 launched from the Tanegashima Space Center on May 21, 2010. 


Space launch vehicles are designed to deliver supplies, satellites 
and even crewmembers into space. Accordingly, space launch 
vehicles are an essential and critical element of space missions. 

In order to acquire technologies for large satellite launchers, JAXA 
tinally decided to import the rocket technology from the US. Owing 
to the technology transfer, JAXA began to operate the first and 
second N series vehicles in 1975 and 1981, respectively. Following 
these N series, the H-I launch vehicle was developed and its madian 
flight was conducted in 1986. Based on accumulated rocket 
technology, the original purely Japanese-made H-lIl launch vehicle 
was successfully developed and launched in 1994. 

The H-IIA launch vehicle was developed based on H-Il technology, 
with the objectives of reducing launch costs, meeting various launch 
capability requirements, and ensuring reliability. The launch costs of 
a model with the same launch capability as H-Il has now been cut to 
about half H-Il levels. Since the H-IIA launch vehicle’s successful 
maiden test flight in August 2001, there have been other successtul 
launches. 

Since the launch of H-IIA No.13, Mitsubishi Heavy Industries, Ltd. 
has managed the launch project, with JAXA supervising the projects 
to help ensure safety on the ground and sea, and during flight. 
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LE-5B 


H-HAI&, 200 1 ED‘ 53 FR fsa LCE 
WOTyYhCo. BIE. BORO OeTtRED 
15 DIV] TR BB Se RAST Se 7 EEE SRC BL) 





FVERELED. BOK OAB Al ILE-SB 
TYYYOSAIVOMS @ BST ERS lc 


CECeCICKOTWED. HICKORY YY 
(SP eZe fall CBU Cis eelghT 5 Cele kK). 
(BONO ee RISO MENSKATOCCIC 
CHS 6 


The H-IIA launch vehicle No. 1 rocket was 
successfully launched in 2001. The rocket Is a 
two-stage launch vehicle powered mainly by 


engine, which provides some 137 KN (14 tons) 
of thrust. LE-5B gimbals are used to control the 
nozzle around pitch and yaw axes while the 


8 | AMERY UD KO SIDLCHAAMeRIEXUSCC. G - second stage reaction control system (RCS) uses pa 
First Stage Lox Tank =f (Yeah DAR U ry EBA ERS hydrazine jets used for attitude control. Since ~~ 


LE-5B Is a restartable engine, multiple satellites 
can be put into different orbits. 


<First Stage> 
The standard H-IIA first stage consists of a 
core liquid-fuel engine and a pair of SRB-As. The 
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Typical Flight Sequence of Launch Vehicle (H2A202) 






























y : seein the first and second stages. The engines serve 
KT 0 Bam ERISA CO3M. AME as high performance propulsion system utilizing 
falcldieaet COROBAOT vy KI—-AY—PD liquid hydrogen and liquid oxygen propellants. 
a SAN, FISETRD SOIFIZBZICKSS Standing 53 meters tall, the standard H-IIA, @ yh 
ps ZtCOULESRHLUAS. dubbed H2A202, has a 4-meters diameter g A go 
=) : more =. _,__«ps,— payload fairing and two strap-on solid rocket ~ S, Ai ath 7 ow . ; 
F Z I AD ral SFL Wace ele boosters (SRB-As). The boosters are used to / DP FZ <a e/a 
J iN4tO a= et SLITO RETIDDOKITD. — provide extra thrust as the rocket accelerates Vb ve - i’ UTS 
A EVAOT y KRI-AY—-K4AICTSOCEC, through the atmosphere. @ y i 
= 4TH _EPSEDRMCUCHEDPT CEMCEHKT. The standard H-IIA model can put a satellite . y 
o te. H-DAOD y Koa E UL CBS weighing about 4 tons into geostationary \fa > < 
a n 5 J ED ERAS Omlic LU CHEERIZ VF transter orbit (GTO), and has launch capability - r a a 
<e ISTE “CO. m = i 7 enhanced to about 6 tons thanks to 4 solid im MRF coeration 
ORSeIBPL. LDYUUYV eels UCH- rocket boosters. > I il 
IBOZy hHkeO00S#9R, FHAT-Ya Furthermore, the H-IIB launch vehicle, with | ial SRB-AMAEET 978 (s) — —~ \ 
= ere pane al , , " d H-IIA. with 4 mM SRB-A burn out ee 
FRIAR (HTV) ERGTSEZERROFT 6 _ElP (CAR two engines, is an enhanced H-IIA, with an x Nn \\ 
BOB RIKRI YD 2 increased diameter relative to first model - now el Jt 4 — 1p \\ 
DLELTE. , (\ Lift-off \ 
os Second Stage LH2 Tank 5.2 meters - in order to obtain a bigger capacity i Be ii \\\ 
Fa E | propellant tank. It successfully launched the H-II ale SRB-A ignition 
_ —eaitey SORRY IO H-DAO4Z» k (H2EA2L02) OLK< Transfer Vehicle (HTV) Demonstration Flight ANT ewe \ 
o RY Second Stage Lox Tank (HTV-1) in September 2009. AN Te aan \ 
a Siok <SBPE > 1. . 1. O° 
=I pli ee FICE Configuration of H-IIA Launch Vehicle (H2A202) oO A | 
; alee SORICISHIOT y KOBE L LTBI second Stage> 
a | Gas Jet System FEC NICLE-SALY YY EK J) cL E-oBE The H-IIA second stage was modified in several 
sompt yyy LeSsB | | _-/ VV DBA N CBO, WRAESR CARA ways from its H-II precursor, LE-5A engine. 
| Second Stage Engine sea Heyes (TMT B7kKN (W141) Dit It is powered by a simplified LE-5B LOX/LH2 

















Ed Ne memes | <381 > oi , : i 
‘ | : ep eee ee _ oe core liquid-ftuel engine LE-7A is modified from 
ed Hei ae Net eBOR | Id, PRC BCI CICA LE-7 engine used for the H-ll first stage. It burns 
_ O7vhkeE., CORAICH 1 AROMIT5SNIZE  LOX-LH2 propellant and provides some 1,100 
O EMAOTy KI-AY— (SRB-A) CHaAge11 KN (112 tons) of thrust in vacuum, - nearly same 
@ THED, PROWAOTY Keldk. H-TOs ence LE-7A, but ae ee ee 
: y KOS ERC LCRRAIUELE7IUIY plagued LE-7. The HHA launch vehicle has two 
EMF UTELE-7ALY YY DYE AN CHD. strap-on SRB-A solid boosters that burn HTPB 
TBAB SR CARR IK SRE HEESEC LU CR22#T | solid propellant. JAXA is making efforts to 
#411 JOOKN (#4)112t) DHEHARRELES. ae both ee a eae eee by 
: eo ja tysye working on new developments, and learning 
LE TALI YAS. LE TPL SD SORTV CIE trom the H-IIA No.6 launch failure. 
tk LEDS, SOSA AOBFRILDN SNC 
z, AT. SRB-Alk, MUPDSVIVU RHEE 
é SF LICEAOT y KIO-AZS—CS. BSH <Inertial Guidance System> 
DATE LIPABVERITC. BTCC hertial guidance system asthe. Hil 
e = hy} _— NAb 3 
| il apnoea cBlCH] 5 LITKEID launch vehicle, consisting of inertial sensor units mA 
a {32 7c |X} D ° (ring laser gyro), and guidance control computer. aa7L Item Pie ee HeA204 H2B 
- The inertial guidance system computes flight fee nerd deme 
< Ss URZTL> direction and velocity of the rocket and corrects 5[m] Leneth(m] rate} 53 BF 
eis HU RS Alt. HDOsy KER deviations, If any, automatically, thereby control- 
ho VIRMERE Hata age ling the entire vehicle to the designated orbit 530 
AhDYISOUMBEAS AW CHO, IB during flight. 
i Byt—-aoyk Wyo - bo - 9 pee enostee ft | 
~ POE) CRSA CHREN, per@ istsees ft | 
1 GBTUVY LETA O77 vy KORTE PRE Se Blcathl Cl) 
H2A202 ee ee ee 4 
SEE LEDS BROMALOITCRTS = a C 








H-T ADRMASA HEA ab c (a: 1 esxt/ogest. b:LRBOR, c:SRB-ADs) *: AT@ lt SKU. (Not including payload mass) 


Figures following HA indicate the number of the first plus second stages, number of LRB, number of SRB-A. 
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M-Vic kK SF Seal Scientific Missions by M-V 
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JAXA Website 


http://www.jaxa.jp/ 

JAXAX—JLO—-EX 

JAXA Mail Service 
http://www.jaxa.jp/pr/mail/ 
FRSA ILO hb 

Institute of Space and Astronautical Science Website 
http://www.isas.jaxa.jp/j/ 
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M-VO7 yy Kid, BERIAMAS eS O SEO 
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M-VO7"k 
M-V Launch Vehicle 





The fifth generation of Mu series, M-V is a three-stage 
solid propellant launch vehicle. In order to meet the 
requirements for future science and planetary missions, the 
rocket configuration is so flexible that the fourth stage can 
be added. The M-V launch vehicle is the only rocket in the 
world as all-stage solid rocket to launch spacecraft into 
interplanetary orbit. 

The rocket measures 30.8 meters in length and 2.5 meters 
in diameter, and weighs some 140 tons, carrying a 1.8-ton 
satellite to low earth orbit (LEO). Each of Mu series rockets 
was modified, and after the third flight of M-V launch vehicle 
(M-V-4) failed in 2000 due to nozzle problems, the former 
ISAS took a drastic countermeasure by replacing nozzle 
materials of all stages. 

The M-V launch vehicle successfully launched three 
spacecraft; HALCA, radio-astronomy satellite to obtain high 
resolution images by linking with a group of radio telescopes 
on the ground, in February 1997; NOZOMI, Japan's first Mars 
surveyor, in July 1998; HAYABUSA, asteroid sample return 
Spacecraft, in May 2003; and HINODE, solar physics satellite 
in September 2006 
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1st stage 2nd stage 3rd stage 



































_ Se a 2 8.6% 
(1) BIRRE—-—97—Alo, BRAVO ee Length 
sei a ages (m) 
TH T-2C3OEKA.W Diameter 
aie ss fee SkraARSS (ton) 
(2) BI ROWORLEBOROAXABRIC Mass at Ignition 
en a oo _ : Satellite a 
{FIRD IPA Ay: -m—)/La Be ee eae &= (MUSES-C) iloten Designation M-14 - M-34 
AIM Le 1 /QRBFE, FLSC eS 2R (NMS RF) (m) laze 461/420 
Length (Before/After Extension) ; ; ; : 
(Flexible Linear Shaped Charge) 2 | Az (mo) 25 De 
7 - wi a 1 = z ad Diameter ; ; ; 
matte s-O tx Ao gale 2 Bena +4 Satellite joint @ | 7 Ae HT-230M CFRP CFRP 
(3) RS(LANOICO, BOR, BOR. Fwy  & ese 3 (ho = (eletoneasing HT-150 (FW) (FW) 
or ae epee: ‘tim thy \ el es BP-204J BP-208J BP-205J 
ATF —VE— FIC RFR iN iE 58 (EAS I A am = I ~ Kick motor 7, | Propellant 
Z were 1, + 6.5 3/4 stage joint +yIE—F K §|t—-vHR= (ton) 83 
DEST ARERR. EN aq 3/ AREF (KM-V2) 75 | io is 
a eae _ . ——_ —_ / > | ERE (ton) 
(4) BORBKOVEYIAT—-VE-JOSA {ARE ZL O (Re Stes Sus “3rd stage measurement payload 7a eee ue 
= = — YF yr evs Extension test on extensible nozzle axcariiel (= > FA GEXaT aan (BSPL) EP reHe7 (sec) 
(CHAOS AAB_/ AIL EAR. \ & Seal | SSRE—9 (M-34) openers 
(5) /—-RILP VY FORBES . < yer” 3rd stage measurement payload AAS ERS el (Sec) 62 
Sis one - \ Ge | NN. SSEZMNTVC Effective Burn Time 
(6) O77 y KOR es AlS OBYOTELT 2 A a / Noy rai-m-ban-lartlolamant-vear-lalcian Hee A een a ea ee ee 
so — a) =v) =a! ~ S “4 7 ZA) DAE RES uldgance system aqio guidance WI strap-aqown 
IPAIN- APT ADIL: Yet Oe -- \es: USER SI: D Gea 2562 == HA aE) AI HA 
AAT Ly | Pitch, Yaw Movable nozzle Movable nozzle Movable nozzle 
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OCT. 





Control system | O—JL (BERET y FE—F \HEAOT y KE-F TSS aya 
Roll Small solid rocket motor Small solid rocket motor Side jet 
*: JZAIMPRE 


After nozzle extension 


** MB#O7y bO1 REC 4 BElCHRANKE—Y CUS aK 





2/3 stage joint 








J-XI LP VY I OPAEEES 2/ SEGRE ie : M-14 stands for 1st stage motor of the forth version 
(oy oy-Tallaremaatsrear-lalcian 2nd motor | < ie 
test on nosefairing BOF t— J (M-25) 
2nd stage MNTVC 
The following new technologies are pleesMINIEST 
introduced into the M-V launch vehicle. Pitan a Vin es 19704. LOT» KICKED TR ARVOATL 
(1) HT-230M high-strength steel for the NCR ekee ——+—_§ ge (SHIH!) OF SLT CRBLTAR, 
first motor cases coats ee Sa SACHA ANIEMOTZ vy LOY U— 
(2) Interstage structure between 1st and | 1 FRE—F (M-14) 1/DEBRE Oat Zlk. IBROSERICHKO CUBFER, S 
eparation test on 
2nd stages that corresponds to FIH sntysiln | fi2etaae joint AONM-VO4» KcBoTWE#T. 
, : : st Stage 
(tire in the hole) separation system, rite s 
Aft tube 
as well as Flexible Linear Shaped \ (SEB ES 
Charge (FLSC) separation structure 4 scene 


28 1 ESMNTVC 
(3) CFRP motor cases for the second, 53 | F 


third and kick stages to realize lighter Fog). e=t eel In 1970, the former ISAS succeeded 

weight M-25-1TVCE-9 in launching the first Japanese satellite 
(4) Extensible nozzles for the third and ines OHSUMI. Mu series, developed for 
launching scientific satellites, have 
been moditied over 25 years, and 
today’s M-V launch vehicle was 
successtully developed. 


kick stages 

(5) Nose fairing opening mechanism 

(6) Fiber Optical Gyro (FOG) to sense 
vehicle attitude 
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Specification 
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<a—— 4.4m ———> ~¢ 9.8m be 
fk Length 9.8m 
RAE Diameter 44m 
BIS Hatch 1.3m 
sJ5ETRS= TotalMass #165kyY 16.5tons(at launch) 
faevaiooos= Payloads "] GhY (aA + ine) Stons(total) 
PDAS Ree (FRAT —Yayeue) | SE 350km~460km SBR 51.68 
Rendezvous Target Orbit | Altitude 8350km-460km Inclination 51.6deg 
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Departure from ISS 
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kuba Space Center 
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TDRS Control 
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(Clk. 182 FA BA fed. 2K. BS KEE COEF EMA PDP. ATLL) 
FERS. SEERA LIE COMAABM Ny TF UOK 
D 
PVEDDOERT. CNS OISS BHICMBSWAO miAlg, 
ISS sriBlCB INS SSHDAMELCTIDCEICO CET « 


[CSMDENI(HTV : H-Il Transfer Vehicle) BA - HFAUTC 
HED CODEN (HIWIFFIBEBTHSLIF5N. ISS 
[CAK CK Ga WeIEO. ISSaATBIeSZACWAKSG. 


A FHRAT—Y 3 intel CODCOI(HTV) 
™ HTV : H-II Transfer Vehicle” KOUNOTORI” 


ERFHAT Jay ORM LICR Lic. BHAT SFRAT—Y 3 VRE [CSOEL)D]) 15% (HTV1) 
Photovof He llmransfer Vehicle ” KOUNOTORI 1” (HTV1) approaching taken through the window of ISS 





RE AT — Ya Y/(ISS' International Space Station) Various cargos must be transported to the Internation- 
al Space Station at regular intervals during its operational 
period. The cargos include daily commodities (water, 
food, clothing, etc.), research materials (experimental 
units, samples, etc.) and equipment required tor regular 
replacement, such as batteries. Each partner country 
shares contribution for the ISS resupply mission. 

As Japan’s responsibility, the H-lIl Transter Vehicle 
“KOUNOTORI"(HTV) is currently under development 
and operation. One HTV flight will be conducted every 
year in order to Terry various cargos to the ISS in support 
of the ISS operation. 


[CRE RABY (CACHED WA ETS i aa KC ec mB [CB AL CUS 


Als. Hell BOTY KCHS HSS FHATF—Y a 


CIDEND(HIVIISHA OF ERIK C. FRIEM. RABE 
44m OMfaivzLCWKS FI5 LTRS Slt) 16.5 KY CHE r 
VOWS DENCE CEES WEld. ISSAORSERICANMBICH 
AETIDA OES CE OI BIB vv UP SEEBBIC, sialic. 
ILI SES IDRAN SERS Dy KO a hl CORES ORR SORE 
4 O— Bess] RE vp U VP SESE SBI ELIS OC DORMER cH 
LAT. 

ISSNOMBFEIL, TIDED (HW WAC OY VP OPOIVA 
CRRNDATVD OORT D. HAA - MA AOLSSOMS DHA 
ZO CED, CIDED (HIV OHROD 1 DCT. 

BS WMKBOCA(clAHpABS Fas eet LiclBaeEV AWE 
eSEUCISSICDY TTS OOO HEED I—-)LIZALET. 

CODEN (HIVIIF ATH. 07 » bh. PelSSIOBF CHBDNE 
FHT DOSAM COO EROBAYVAT LiiiORICIKOKT 

FT 5 HAFICIFH-IADT yy KOS 1 ROBZez4m)'5 5.emIcuc, 
LE-7VAL VU Y@ 2 tte LU. FI 5 EISSE ia UFC HIIBOT vy & 
RAPLVES « 
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Solar Cells 
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Japan's H-ll Transfer Vehicle (HTV), nicknamed “KOUNOTORI”, is 
an unmanned inter-orbital transfer vehicle that measures 9.8 meters 
in length and 4.4 meters in maximum diameter. Its initial mass at 
launch is 16.5 tons and it can carry a total payload of 6 tons accom- 
modated in its logistic carriers. “KOUNOTORI” has two types of 
logistics carriers: the Pressurized Logistics Carrier where crewmem- 
bers can work inside when “KOUNOTORI” is berthed to the ISS, and 
the Unpressurized Logistics Carrier used to transport experimental 
devices to be mounted on the Exposed Facility of the Kibo Japanese 
Experiment Module. 

In addition to Japan’s “KOUNOTORI”, the Russian Progress and 
ESA’s ATV also serve as ISS cargo transfer vehicles. However, one of 
the unique advantages of “KOUNOTORI” Is that the vehicle can deliver 
two types of cargo: materials used onboard and outboard the ISS. 

The multiple electronic devices carried by the Avionics Module and 
the engines of the Propulsion Module in the aft part of “KOUNO- 
TORI” enable the vehicle to change its orbit so that it can rendez- 
vous with the ISS. 

“KOUNOTORI” is a culmination of technologies created in the 
course of Japan’s development of satellites, rockets and “Kibo” to 
serve as a platform for manned systems technology in the future. 

“KOUNOTORI” is launched by the H-IIB launch vehicle which has 
enhanced launch capacity achieved by the enlargement of its Tirst 
Stage diameter to 5.2 meters, compared with the H-IIA vehicle’s 4 
meters, and the use of two clustered LE-7A engines. 
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CIDEDO1 St (HTV1) Ofer UT (A: SHB. A: FESR) 
HTV 1 Logistic Carrier left: Pressurized Section, right: Un- pressurized Section 
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Halts at about 10 meters below the ISS. 
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Domestically manufactured comin uncaioa devices installed in the conics Module 





MAME Bate NicPERBOANE 
Pressurized section loaded with onboard cargo Cargo Transfer Bags one food and other essential Supplies 


After separating from the H-IIB launch vehicle, “KOUNO- | 22224 —9 vale KS 
TORI” automatically performs a rendezvous approach to the _ | Treiectory during rendezvous 
ISS while receiving support from the ground station to 
adjust its altitude and distance. At the final stage of 
approach, “KOUNOTORI” slowly ascends from 500 meters 
below the ISS and holds at a point approximately 10 meters 
below the Kibo. Then the crew uses the ISS robotic arm to 
capture “KOUNOTORI” and berth it to the docking port. 
This capture system was an original technology expressly 
developed for “KOUNOTORI”, and it has since been utilized 
by a U.S. company for a similar system to enable the 
approach of other spacecraft. 

“KOUNOTORI” rendezvous operations use an algorithm 
that was verified in the Engineering Test Satellite No. 7 
mission using the Orihime and Hikoboshi satellites. =a 


The pressurized section maintained at one atmosphere (atm) is used to 
transport materials for use onboard the ISS such as experimental racks, tood 
and clothing. After the astronauts finish unloading the cargo and supplies, the 
pressurized section is loaded with used and waste materials. “KOUNOTORI” is 
the only spacecraft that can carry large experimental racks through the 
1.3-meter square hatch of Its pressurized section. A side opening in the 
unpressurized section allows the exposed pallet carrying unpressurized cargo, 
typically experimental devices, to be transported. “KOUNOTORI” is the only 
spacecraft that can flexibly transport such large unpressurized cargo. 
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Robotic arm of ISS captures the HTV. Berthed to the ISS. 


To ensure that “KOUNOTORI” will 
continue to deliver supplies to the ISS 
with higher reliability and efficiency, 
certain units are being domestically 
manufactured with the positive effects 
of sustainable systems for continuous 
production and stabilized costs. In “KOUNOTORI2” (HTV2), a Japan-made 
communication device was employed for communicating with the ISS and LED 
lighting devices inside the pressurized SeORe 
section have also been replaced with Domestically ee LED lighting devices 
domestically manufactured ones. Some 
onboard devices on “KOUNOTORI2” 
and “KOUNOTORI3” such as communi- 
cation subsystem, reaction thrusters, etc. 
were changed to domestic products. 
Replacement to Japanese made devices 
will continue for “KOUNOTORI” series. 
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Launch of H-IB Launch Vehicle No.2 with KOUNOTORI2 


Japan has been developing its own launch vehicles, based upon 
various researches and experiments. Among launch vehicles, the 
H-IIA launch vehicle has been supporting satellite launch missions 
as a major large-scale launch vehicle with high reliability. 

It is the H-IIB launch vehicle that is an upgraded version of the 
current H-IA launch capability and will be expected to open the 
door to a new possibility for future missions, including cargo 
transport to the International Space Station (ISS) and to the Moon. 

The H-IIB launch vehicle has two major purposes. One Is to launch 
the H-I Transfer Vehicle "KOUNOTORI" (HTV) to the ISS. HTV will 
carry not only necessary daily commodities for the crew astronauts, 
but also experimental devices, samples, spare parts and other 
necessary research items for the ISS. 

The other is to respond to broader launch needs by making com- 
bined use of both H-HA and H-IB launch vehicles. In addition, 
H-IIB's larger launch capability will make it possible to perform a 
simultaneous launch of more than one satellite, and will reduce the 
cost. This will contribute to ensuring vitalization of the Japanese 
Space industry. 
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BINT Hit Comparison 


of H-IA and H-0B 


[Key Capacity Improvement: Clustering] 

The H-IB launch vehicle is a two-stage rocket using liquid 
oxygen and liquid hydrogen as propellant and has four 
strap-on solid rocket boosters (SRB-A) powered by 
polibutadiene. 

The H-IIB has two liquid rocket engines (LE-7A) in the 
first-stage, instead of one for the H-IJA. It has four SRB-As 
attached to the body, while the standard version of H-IA 
had two SRB-As. In addition, the H-IIB’s first-stage body 
has expanded to 5.2m in diameter from 4m of H-IIA’s one. 
It has also extended the total length of the first stage by 
1m from that of H-ITA. As a result of such enhancement, 
the H-IIB can load 1.7 times more propellant than the 
former. 

Clustering several engines, whose performance is already 
fixed, has the advantage in shortening the period and 
reducing the cost for its development. 

While we have completed the development phase of 
the H-IIB, which was a relatively short period of some 
four years since the review meeting to move to the 
development at JAXA, we also successfully conducted 
an H-IIB launch with a technological demonstration 
vehicle of the KOUNOTORI, a cargo transfer vehicle to 
the International Space Station, on Sept. 11, 2009, to 
display Japanese technology. 

[Second stage controlled re-entry] 

For the KOUNOTORI launch by H-IB, we introduced a 
controlled re-entry of the H-IIB second stage since the 
second flight in order to safely deorbit the second stage 
after completing Its mission. 

[H-IIB Launch Service Privatization] 

Following the launch service privatization for the H-IA, 
Mitsubishi Heavy Industries, Ltd. has been in charge of 
the H-IB launch servicefrom its fourth launch while 
JAXA takes responsibility of overall launchsatety 
operations to ensure flight safety as well as safety on 
theground and sea. 
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JAXADSEAIOT vy KABA CEA LICOTY RC. BE 
100km~ 1 ,OOOkmO Hf ZIRT LGD 558 RS OE CO 
[C. ASBBP SSER TO RAIA CT. COOT vy Kea 
UC, BSBA PHEUWONS. BICANMFE COMBA 
FEAT O CURT. KICHURAAY AT LORE. i 
Be AA LIMA S PRELFRRODH CH. AID vy 
hKDMPAACNCUART. CNOORERCS. HBR SRB 
eA Cots DARE CO. AGRA CRERWRAEOS CED 
CAT. Ht, JAXADMEAL CHOMAIOT vy N&. S-310 
A S-5208!, SS-520HOSHECS. 








fialo7y kK 


Sounding Rockets 








JAXA’s sounding rocket is a small flying-vehicle using solid 
propellant tor performing a variety of observations and experi- 
ments during its flight at altitudes of 100 km to 1,000 km in 
Space before impact. These rockets are used for a wide range 
of scientific observations, including those in the upper atmos- 
phere and near the earth, as well as astronomy; the develop- 
ment of new flying-vehicle systems; and the fields of material 
science using microgravity and various engineering experi- 
ments. It is possible to implement these experiments in the 
short term since it is proposed, and the results of experiment 
can be quickly obtained. JAXA is currently using three types of 
sounding rockets: the S-310, S-520 and SS-520. 
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eriments with Sounding Rockets Make Us Feel More at Home with Space Science 


FRWOE > HMA CORNCHERRe Sh Allowing collaborative research in a wider range of 


nN areas and cooperation with external institutions. 
ay \\ 7 | by 70 : ; ‘ 
aul T »y bE CIA, SPHOXAFRECORA Experiments with sounding rockets can be 


SDS LCE PHRADREANSEE, 4J5 — widely used for various purposes; for example, the 
KISRAAIOIROK< BONNE. He. adoption of experiments and equipment proposed 

oe r oe by researchers in universities and other institutions 
AACBANORREDRRBNE LCHOH |” 


_ __ __ throughout the country. More advanced experi- 
PIER EID BO CCICKO, KORRLICKER ments, for which techniques and experience 









TAT CU les Do a gained through international cooperative efforts es 
made by both Japanese and foreign researchers,  — xgpuusoanqersemiee 
have also been performed. Test of equipment to be loaded 
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SUP TIAN CRS SRREGAS SRE WRNSERTS 








Research and observation of the upper atmosphere and circumterrestrial science 

While balloons cannot travel higher than about 50 km, many satellites can fly at 
altitudes of over 250 km. Thus, only sounding rockets are capable of directly observing a . . 

) : | | . OF» MISLSORE (4). OF» KD SRHANKUFOLRHE 

region between these two altitudes. Sounding rocket is the most efficient tool for under- (Fe. #2Ht IGE. SATAY) 
Standing and elucidating phenomena relevant to the rarefied atmosphere and plasma i “hes momenvoniodet anche “iene. cud lana lominee: 
the areas of space known as the mesosphere, the thermosphere and the ionosphere in cent clouds injected from rocket (left courtesy : HOKKAIDO 
this high-altitude area. UNIVERSITY and KOCHI UNIVERSITY OF TECHNOLOGY) 
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Advanced engineering experiments Launched overseas 
Since the atmosphere and gravity are very influential in experiments on Aurora seen in high-latitude 


the earth, there are limitations to the deploy experiment of large structures regions is a luminous phenom- 
such as the Solar-sail membrane. enon caused by particles precipi- 
Sounding rockets are used for tating from higher altitudes 
various engineering experiments, that excite atmospheric particles 
using microgravity and high vacuum at an altitude of approx. 100 km 
environments during ballistic flight, (the lower part of the thermo- 
including functions and performance sphere). The JAXA’ s sounding 4-O7cO7y bP SmMUAeNcKABO 
verifications of new observation rockets have been launched at ‘MA re ee) Fert 

; . . (Heck : EID ARUEEASTAN) 

instruments and technical compo- high-latitude regions such as 


ne ee 7 | Aurora. and white TMA  (Trimethy! 
nents that are expected to be #&HXSDHEAKY—3S—L-71)ILBMORT Norway for the observation of Aluminium) luminescence injected from 








loaded on future satellites and The deployment of Solar-sail caught by aurora-related phenomena. rocket (courtesy : National Institute of 
space explorers. the on-board camera. Polar Research) 
(AA Japanese) (383% English) 
http://www.isas.jaxa.jp/j/enterp/rockets/sounding/ http://www.isas.jaxa.jp/e/enterp/rockets/sounding/ 
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Epsilon Launch Vehicle 
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The Epsilon Launch Vehicle is a solid-propellant rocket for a new 
era developed with the objective of achieving a balance between 
both high performance and low-cost. The Epsilon is based on the 
M-V Launch Vehicle, a multistage solid-propellant rocket that 
boasted the world's best performance and was retired in 2006, and 
its development aims to improve on its forerunner’'s performance 
even further, making operations such as assembly and inspections 
more efficient while building a system with lower operating costs 
that will enable more frequent launches. On September 14, 2013, 
the HISAKI satellite (Spectroscopic Planet Observatory for 
Recognition of Interaction of Atmosphere or SPRINT-A) was inserted 
into orbit properly after a successful launch of the Epsilon from the 
Uchinoura Space Center. Future development of the Epsilon Launch 
Vehicle is underway in such areas as simplifying the system 
configuration and improving the solid motors with the aim of 
expanding its base of support for the aerospace industry. 
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First Step to Future Launch Vehicles 
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Launch site work reduced to only seven days 
It took 42 days for launch site works for the 
NOK M-V Launch Vehicle. However through the use of ee 
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Payload greater efficiency for such operations as assembly RAEN ZS BR Unknown 
and inspections, the time required from having 

| \ EUSA HEESA the first-stage rocket of the Epsilon Launch Vehicle up on the launch pad to completing the 
Compact Liquid post-process on the day after the launch would be reduced to only seven days. 
Propulsion System 
eee ear OF y KORRES 
Second Stage M-VOY RCAF S _EISRIO RERICS < OBIT 
Avionics BC, FRMCAFDD DO TWKLE. TAYOYOTYk 

ae a Clé, OF vy hice AN CARRE [ROSE] Cries 
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mn ER Third Stage Solid IETS OO, (ESD AMERICAS NAS 
‘BD y Motor(KM-V2b) Autonomous inspection of the rocket 


The pre-launch inspections for the M-V Launch Vehicle 
required the use of many kinds of equipment which took 
considerable effort and manpower. For the Epsilon Launch 


PUOnIC Vehicle, inspection tasks are performed by an inspection device mi | 
ms ve SEO LUE E49 mounted on the rocket called the Responsive Operation ee 
5 \ 


(M-34c) Support Equipment (ROSE). Use of this onboard ROSE has Newly develosee ROSE insnection-device 
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Second Stage 












Second Stage eliminated the need to connect various inspection equipment to for monitoring the state of the vehicle 
Solid Motor(M-34c) the rocket and significantly shortened the inspection work time. during launch site preparations 
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Mobile control by means of a few personal computers 
By achieving autonomous inspections, launch control 

operations have also been streamlined. Launch control yoy quo peruse 

operations are able to be performed by a small number of — gociion Launch Vehicle Remote Launch 

personnel using just a few personal computers. Control Center 
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4 Frequent launches into space at lower cost 

® The Epsilon Launch Vehicle uses a system built to make more frequent launches possible by improving 


the efficiency of such operations as assembly and inspections and reducing the costs required for 
launches. Aiming at an era in which rocket launches are as common as everyday events and space feels 
more familiar to people, new challenges for the Epsilon Launch Vehicle are about to begin. 
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Standard Configuration Optional Configuration 
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H-I1A Upgrade 





The H-IIA launch vehicle is the workhorse that has provided 
Japan with reliable, independent and guaranteed access to 
Space since 2001. 

As the first step toward the National Flagship Launch System in 
the next generation, the H-IIA upgrade project aims at 
improving the vehicle’s geostationary transter orbit (GTO) 
mission capabilities and payload environment conditions. This 
will enable Japan to promote R&D and utilization of space, as 
well as to enhance the international competitiveness of the 
H-IIA launch vehicle. 








ew challenge for the next stage 
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We will achieve more efficient launch vehicle operations by 
improving H-IIA launch capability and its global competitiveness, and 
simplifying the ground facility. 


1 Long-coasting capability 

The coasting duration of the H-IIA upper stage will be enhanced from 
one hour to five hours by improving cross-cutting cryogenic 
propulsion technologies. This will enable to inject a spacecraft closer 
to geostationary orbit (GSO) than our current standard transfer orbit to 
extend the fuel life of satellites, while also extending limited launch 
windows for planetary exploration missions. 


2 Improved payload environment 

The payload shock environment will be reduced trom 4,100G to below 
1,000G by a non-explosive clamp-band separation system. This allows 
sensitive equipments to be located closer to separation plane and 
problems with current pyrotechnic release devices will be mitigated. 


3 Navigation sensor to minimize ground infrastructure 

An onboard navigation sensor for range safety will be demonstrated 
that provides navigation data for range safety without tracking 
radar stations. This concept is intended to minimize the ground 
intrastructure and reduce cost of operation and maintenance. 
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Improved payload environment 
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Low-shock clamp-band separation system, less than 1,000 G 
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Navigation sensor to minimize ground infrastructure 
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Onboard Tracking System for Range Safety eliminates tracking radar stations 
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Long-coasting capability 
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White painted LH2 tank reduces propellant vaporization during long coasting 
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Propellant settling system using vented GH2 
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Improved LOX chill-down operation of the upper stage 
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Throttling of the upper stage engine, LE-5B-2 








H-DAD7 yk RT) /H-IA (current version) | H-TAD 7 yK(SE(EtHtt) /H-IIA upgrade 
H2A202 H2A202 H2A204 
475 _ElFRE7I (ton) OYII—Zbh-IEKOY AT 7 ee 
Launch capability, ton GRAADOE ih meEe, 700km:aslF{bisiz= 1,500m/s) 2.97 ton 4.82 ton 
Long-coast GTO (Inclination: 20 deg, Perigee altitude: 2,700km; AV to GSO : 1,500 m/s) 
R#-AILKO VAP ae 
(UBER 28.58 itt aSEeedsOkm;: ase EaR=S 1,830m/s) 4.0 ton 6.0 ton — _ 
Standard GTO (Inclination: 28.5 deg, Perigee altitude: 250km; AV to GSO: 1 830 m/s) 
28 Siaik (RALAIL) 
Payload Shock Environment (Maximum level) 4,100 G 1,000 G 
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